The single molecule conductances of a series of bis-2,2′:6′,2″-terpyridine complexes featuring Ru(II), Fe(II) and Co(II) metal ions and trimethylsilylethynyl (Me 3 SiCC-) or thiomethyl (SMe) surface contact groups have been determined. In the absence of electrochemical gating, these complexes behave as tunneling barriers, with conductance properties determined more by the strength of the electrode-molecule contact and the structure of the 'linker' than the nature of the metal-ion or redox properties of the complex.
INTRODUCTION
The development of methods that permit the measurement of the electrical characteristics of single molecules under routine laboratory conditions, 1,2 coupled with the incentives for technological innovation arising from ever increasing challenges facing top-down miniaturisation of solid-state electronic devices, has seen a renaissance in the field of molecule electronics over the past decade. [3] [4] [5] [6] In the context of developing molecular components for use in a hybrid solid-state / molecular electronics technology, many different molecular structures have been examined within molecular junctions, including oligophenylenes, 7 oligoaryleneethynylenes, 8 and oligoynes, 9 and arylene-ethynylene based molecular wires up to 8 nm in length. [10] [11] [12] However, whilst the majority of metal|molecule|metal junctions studied to date has been derived from organic molecules, the possibility that metal complexes may play a role in molecular electronics has been recognized, 13 and inorganic and organometallic molecular components for electronics are now attracting increasing attention. [14] [15] [16] [17] [18] Various families of metal complexes have been explored for their wire-like properties and higher functionalities, 19, 20 including porphyrin oligomers 21 and assemblies 22 and metal alkynyl complexes. [23] [24] [25] [26] [27] [28] Within the context of exploratory studies, bis-2,2′:6′,2″-terpyridine complexes are particularly attractive, being compatible with a broad cross-section of the metallic elements of the transition series, and thereby offering a wide range of metal d-electron configurations and charges, electro-and photo-chemical activity, and diverse synthetic approaches which include 'on surface' strategies that been used in the construction of quite complex surface bound mono- 29 and multi-metallic [30] [31] [32] films with impressive electrical characteristics. [33] [34] [35] [36] [37] [38] Within single molecule junctions, the flexibility of the coordination bonds around the metal center has led to the opportunity for manipulation of transport properties through such 'Cardan-joint' style metal complexes by mechanical stimulus. 39, 40 Regardless of the method of assembly, as components in molecular electronics, metal complexes offer the potential for finer tuning of the frontier molecular orbitals in metal complexes to match the Fermi levels of the electrodes, 41 the possibilities of augmenting electronic characteristics through accessing available redox levels 42 and manipulating them through electrochemical gating, 43-45 the introduction of magnetic effects, 46, 47 and high thermoelectric efficiency. 48 These various factors are then expanded further by experimental and computational work in which multiple metal centers are introduced along a linear 'wire-like' chain, either as an array of metal atoms 14, 49, 50 or in ligand-linked assemblies.
24-27
Whilst there is a body of experimental evidence, such as the observation of Kondo effects in transition metal complex based molecular junctions [51] [52] [53] and electrostatically gated spin-blockade effects, 46 which indicates that the metal center is involved directly in the transport mechanism, this is not always the case. 41 Recent studies have highlighted the potential role of metal centers as a structural element with the surrounding ligands providing the pathway for the through molecule current. 54 In such cases, the molecule-electrode contact and electronic structure of the ligand framework will play a more significant role in determining the overall transport properties of the molecule than the identity of the metal in the complex.
The important role of the molecule-electrode contact in determining transport
properties of a molecular junction is now widely recognised, 55 and many different functional groups have been explored in this regard, with thiols, amines and pyridines being particularly widely used. 56 In addition to the chemical nature of the binding group, the electrode-molecule contact also depends on the structure of the electrode surface. For example, thiolate binds a wide variety of sites on the gold surface including different various points on flat terraces (atop surface atoms, in bridging or in hollow sites), adjacent step edges or ad-atoms. 57, 58 Each of these different contact types gives rise to a different conductance signature, which accounts for the appearance of multiple peaks in the conductance histograms of even simple thiolate contacted molecules. 59 One possible strategy to limit the range of these possible binding sites, and thereby simplifying the conductance profile of the molecular junction, would entail increasing the steric bulk around the surface coordinating atom.
Thioethers are beginning to attract attention in both studies of self-assembled monolayers (SAM) on gold, 60 and as a contact in molecular junctions where they often give rise to simpler conductance histograms than analogous thiolates.
61-66
Recently, the trimethylsilylethynyl moiety has been identified as a possible 71 A close registry of the silyl molecules with the underlying Au(111) surface and evidence for a degree of Si-Au interaction from synchrotron radiation photoelectron spectroscopy led to the suggestion of a local surface complex featuring a five-coordinate silicon atom in these self-assembled films. 72, 73 Later refinements to the model have shown the importance of lateral intermolecular van der Waals interactions in pre-organising the silyl head group in such a position as to promote the Si-Au interaction. 74 However, the nature of the Si-Au interaction in the case of the isolated molecules used in single molecule junction studies is an area for further investigation.
In what follows, we seek to extend these studies and arrive at a more detailed understanding of the role of the anchor unit and metal complex fragment on the behaviour of these junctions, by studying Fe(II), Ru(II) and Co(II) bis-2,2′:6′,2″-terpyridine complexes anchored by thiomethyl [60] [61] [62] [63] and trimethylsilylethynyl 28, 67, [68] [69] [70] moieties within molecular junctions, supported by electrochemical and spectroelectrochemical measurements and quantum chemical models.
Results and Discussion
The bis(terpyridyl) complexes [1-M] Figure S23 ). The surface bound complex showed a reversible anodic wave the shape of which was independent of scan rate up to 1 V s -1 ( Figure S24 ). The peak current of the anodic wave and cathodic counterwave scales linearly with increasing scan rate ( Figure S25 ), whilst the corresponding peak-peak separation is ca. 25 mV and remains unaffected by changes of scan rate.
The molecular conductance of the bis-2,2′:6′,2″-terpyridine based complexes
surface was investigated by scanning tunnelling microscopy (STM) under ambient conditions using the I(s) technique. 1 Approximately 500 I(s) scans containing current plateaus were used in the construction of the conductance histograms ( Figure 1 , Figure 2 ), from which the conductance, G, of the compounds under investigation can be extracted (Table 1 ). In addition, the break-off distance, Z*, which is calculated from the sum of the initial separation of the tip and substrate (s 0 ) and the retraction distance defined by the end of the current plateau in the I(s) trace, can also be obtained from the conductance curves (Table 1 ). The relatively rigid junction between molecule and tip formed by both Me 3 SiCC-and MeS-contacts was apparent from the observation of only short plateaus in the I(s) curves. 79 The conductance values, break-off distances and calculated molecular lengths are summarised in Table 1 0.25 nm is the calculated center-to-center distance of the apex atoms of the two opposing gold pyramids when conductance = G 0 in the absence (Table 1) will depend on experimental factors such as solvation and ion-pairing, and the effects an approximately tetrahedral geometry (Table 2) . It seems that for the single-molecule experiments, in the absence of additional dispersion forces present in the selfassembled mono-layer films, which might give additional energetic preference to alternative contact geometries, 71-74 the most stable trimethylsilylethynyl | gold contacts are best described in terms of a molecule physisorbed at a defect site. Å; Au-S-C methyl 106.7(2), 104.7(2) º), 85 and as such the sulfur-gold interaction is well approximated in terms of a coordination-type interaction (chemisorption) between the sulfur donor atom of the thio-ether and the gold atoms near the apex of the pyramid. correlates with their more favourable binding energies ( Figure 6 ). This is consistent with the relatively simple conductance histograms observed for trimethylsilylethynyl and SMe contacted molecules described here and elsewhere, 28,61-63 and might be attributed to molecules bound at surface defects contributing predominantly to the conductance histograms. Table 1 . Single molecule conductance measurements. Gold on glass substrates (Arrandee, Schröer, Germany) were cleaned with acetone and flame-annealed with a butane torch until a slight orange hue was obtained. The slide was kept in this state for 20 seconds during which time the torch was kept in motion around the sample to avoid overheating. This procedure was performed three times to generate flat Au (111) terraces. 87 The freshly annealed substrates were immersed in a 10 Spectroelectrochemistry. UV-Vis-NIR spectroelectrochemistry was conducted using a Scinco S-3100 diode array spectrophotometer (50000-10000 cm -1 ) or a Perkin-Elmer Lambda 900 double-beam spectrophotometer (50000-5000 cm -1 Resonance Raman spectra were recorded on a Renishaw inVia Raman microscope, using a 633-nm laser beam focused into the middle of the gold microdisc.
CONCLUSIONS

Computational details
Geometrical optimizations were carried out using the DFT code SIESTA, with a generalized gradient approximation (PBE functional), 90 
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